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Introduction: Right bundle branch block (RBBB) pattern is sometimes observed in right
ventricular (RV) endocardial pacing. However, the true mechanism and the clinical meaning
of this phenomenon are still unknown.
Methods and results: Out of 218 consecutive patients with RV apex endocardial pacing, we
studied 30 cases with RBBB pattern and 111 cases with left bundle branch block (LBBB)
pattern. No signiﬁcant diﬀerences were found between these 2 groups in age, sex, and pacing
mode. However, the percentage of cardiomyopathy patients in the RBBB pattern group was
signiﬁcantly higher than in the LBBB pattern group (36.7% versus 1.8%, p < 0:0001). The
left ventricular diastolic dimension (52:2 9:3mm versus 48:0 5:5mm, p ¼ 0:05) was
bigger and left ventricular ejection fraction (56:2 14:7% versus 66:4 11:6%, p ¼ 0:0003)
was lower in the RBBB pattern group. In RBBB pattern group, 11 out of 13 patients with low
cardiac function (ejection fraction <50%) showed a wide QRS duration greater than 160ms
in V1 and II leads.
Conclusions: RBBB pattern, especially QRS duration wider than 160ms in V1 and II leads,
during RV endocardial pacing may represent left ventricular enlargement and dysfunction.
These ﬁndings would help assess the cardiac function based on surface 12-lead electro-
cardiography even in RV pacing.
(J Arrhythmia 2009; 25: 16–23)
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Introduction
Left bundle branch block (LBBB) is the expected
electrocardiographic pattern in Right ventricular
(RV) endocardial pacing. However, it is not unusual
for presentation of a RBBB pattern. It has been
reported that right bundle branch block (RBBB)
pattern may occur during RV endocardial pacing
when the catheter perforates the RV or stimulation
comes from the coronary sinus.1–5) However, it also
has been revealed that RBBB pattern may occur in
RV pacing, despite correct placement of the pacing
lead.6–10) Although many authors have made eﬀorts
to create a mechanism to diﬀerentiate RV pacing
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with RBBB pattern from left ventricular pacing via
RV perforation or coronary sinus pacing,6–9) to the
best of our knowledge there has not been a system-
atic evaluation of the clinical characteristics of the
patients who showed RBBB pattern during con-
ﬁrmed RV pacing. Various hypotheses have been
suggested as to the mechanism of the RBBB
pattern,5,11–16) however, the true genesis of this
phenomenon has so far remained unresolved. We
hypothesized that the RBBB pattern during RV
endocardial pacing could be related to cardiac
function and left ventricular dimension, and the left
ventricular dimension could be estimated by 12-lead
electrocardiograph even in the pacemaker patient
with a RBBB pattern.
Methods
Patients
In a retrospective evaluation of 218 consecutive
patients with RV apex endocardial pacing who were
followed in our pacemaker outpatient clinic, we
applied the following exclusion criteria: 1. ventric-
ular fusion beats or no appearance of ventricular
pacing on electrocardiograph; ventricular fusion
beats were conﬁrmed during pacemaker outpatient
clinic by shortening atrioventricular delay to the
shortest value possible, 2. previous antero-septal
myocardial infarction, 3. temporary RBBB pattern,
4. complicated cardiac anomaly. The remaining 141
subjects were divided into 2 groups. One group
consisted of 30 patients with RBBB pattern in the
precordial leads, and the other one consisted of
111 patients with LBBB pattern. We compared the
underlying heart disease for these 2 groups, and
examined their echocardiograph, chest radiograph,
and QRS conﬁguration with 12-lead electrocardiog-
raphy.
Electrocardiography
We conﬁrmed that 12-lead electrocardiographic
data was available before and after pacemaker
implantation in all patients. LBBB pattern during
pacing was deﬁned as the presence of a QS
conﬁguration in V1, and the absence of Q waves in
leads I, V5, and V6.17) RBBB pattern was deﬁned as
the presence of RR, rsR, qR or RS (R > 0:06 sec and
R=S > 1) in lead V1.17) Six patients with R=S 5 1,
R = 0:3mv, and R > 0:06 sec were also included in
the RBBB pattern group. The QRS duration was
measured from the beginning to the end of the QRS
complex. We also observed the electrocardiographic
change during the follow-up period. If a patient’s
QRS conﬁguration changed from LBBB pattern into
RBBB pattern, we put the patient in the RBBB
pattern group.
Echocardiography
Trans-thoracic echocardiography examinations
were performed on all patients in the RBBB pattern
group to conﬁrm ventricular lead location. We
recorded post-operative echocardiographic values,
such as left ventricular diastolic dimension, left
ventricular systolic dimension, and left ventricular
ejection fraction of all patients. The echocardiog-
raphy was performed every 1 to 2 years during the
follow-up period. In the case of the patients who
were changed into RBBB pattern from LBBB pattern
the echocardiographic data of this moment were
accepted for analysis. We analyzed the diﬀerences
between these values in the RBBB and LBBB
pattern groups. Patients who did not have echocar-
diographic data were excluded from the analysis.
Chest radiography
We conﬁrmed ventricular lead position of all
RBBB pattern patients with biplane chest radiogra-
phy and recorded the cardiothoracic ratio of all
patients at pacemaker implantation and every year
during the follow-up period.
Statistical analysis
Data are expressed as mean  standard deviation.
We analyzed the diﬀerences between the 2 groups
using X2 test and unpaired student’s t test. In
all analyses, a P value of <0:05 was considered
statistically signiﬁcant.
Results
Patient characteristics and follow-up
The clinical characteristics of these 2 groups are
presented in Table. No signiﬁcant diﬀerences were
found between these 2 groups in age, sex, and pacing
modes. Out of the 13 cardiomyopathy patients who
were diagnosed before pacemaker implantation by
biopsy, 11 of them were in the RBBB pattern group,
including 4 dilated cardiomyopathy patients, 4
hypertrophic cardiomyopathy patients and 3 sarcoi-
dosis patients. Only 2 of them were in the LBBB
pattern group. The percentage of cardiomyopathy
patients in the RBBB pattern group was signiﬁcantly
higher than in the LBBB pattern group (36.7%
versus 1.8%, p < 0:0001). There was no diﬀerence
between these 2 groups in arrhythmic disease
indication for a pacemaker.
During a mean follow-up period of 7.8 years (7
months—23 years), 2 cardiomyopathy patients died
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in the RBBB pattern group. Although 2 senile
patients died in the LBBB pattern group during a
mean follow-up period of 6.1 years (9 months—23
years), there was no evidence of serious cardiac
disease except complete atrioventricular block and
hypertension in these 2 patients. At pacemaker
implantation, there were 7 patients (23.3%) with
congestive heart failure (left ventricular ejection
fraction <50%) in the RBBB pattern group, and the
number increased to 13 patients (43.3%) during the
follow-up period. In the LBBB pattern group, there
were only 6 patients (5.4%) with congestive heart
failure at pacemaker implantation, which incresed to
9 patients (8.1%) during the follow-up period.
Echocardiography and radiography
Trans-thoracic echocardiographic and biplane
radiographic examinations revealed that the ventric-
ular leads of all 30 patients in the RBBB pattern
group were appropriately positioned in RV apex,
no patients had lead malpositions. Figures 1 and 2
show the X-ray ﬁlms and echocardiogram in a
patient with RBBB pattern. The left ventricular
diastolic dimension (52:2 9:3mm versus 48:0
5:5mm, p ¼ 0:005), left ventricular systolic dimen-
sion (37:0 12:0mm versus 30:3 6:4mm, p ¼
0:0002), and cardiothoracic ratio (55:2 7:9%
versus 50:5 4:0%, p < 0:0001) were signiﬁcantly
larger and left ventricular ejection fraction (56:2
14:7% versus 66:4 11:6%, p ¼ 0:0003) was sig-
niﬁcantly lower in the RBBB pattern group than that
in the LBBB pattern group.
Electrocardiographic parameters
Out of 30 patients in the RBBB pattern group, the
RBBB pattern appeared just after pacemaker im-
plantation in 28 patients. Figure 3 shows a typical
electrocardiography from 1 of these 28 patients
(same patient as Figures 1 and 2). In the remaining 2
patients, the LBBB pattern changed to RBBB pattern
Table Clinical characteristics of the RBBB and LBBB pattern patients
Clinical characteristics
RBBB
pattern
n ¼ 30
LBBB
pattern
n ¼ 111
P
Age, years 74 14 75 12 0.963
Male sex (%) 18 (60) 56 (50.5) 0.47
Etiology (%)
Ischemic heart disease 1 (3.3) 8 (7.2) 0.709
Cardiomyopathy 11 (36.7) 2 (1.8) <0.0001
Dilated cardiomyopathy 4 (13.3) 2 (1.8) 0.025
Hypertrophic cardiomyopathy 4 (13.3) 0 0.001
Sarcoidosis 3 (10) 0 0.009
Arrhythmia
Atrioventricular block 21 (70) 88 (79.3) 0.434
Sick sinus syndrome 9 (30) 22 (19.8) 0.369
Paroxysmal atrial ﬁbrillation 2 (6.7) 14 (12.6) 0.537
Persistent atrial ﬁbrillation 9 (30) 16 (14.4) 0.095
Pre-existing bundle branch block
Right bundle branch block 12 (40) 33 (29.8) 0.408
Left bundle branch block 2 (6.7) 3 (2.7) 0.652
Pacemaker mode (%)
DDD 13 (43.4) 57 (51.4) 0.506
VDD 8 (26.7) 37 (33.3) 0.658
VVI 9 (30) 18 (16.2) 0.163
Echocardiography
Left ventricular ejection fraction, % 56.2 14.7 66.4 11. 0.0003
Left ventricular end-diastolic dimension, mm 52.2 9.3 48.0 5.5 0.0046
Left ventricular end-systolic dimension, mm 37.0 12 30.3 6.4 0.0002
Cardiothoracic ratio, % 55.2 7.9 50.5 4. <0.0001
Values expressed as mean  standard deviation
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with decreasing cardiac function. Figure 4A and B
show the electrocardiography of 1 of these 2 patients
at the time of pacemaker implantation and after the
LBBB pattern changed to RBBB. Based on the
measured QRS duration in leads V1 and II, we
obtained a cut oﬀ point of 160ms for identifying
congestive heart failure in the RBBB pattern group.
As plotted in Figure 5, all but 2 out of 13 patients
with congestive heart failure showed a QRS duration
wider than 160ms. On the other hand, all 17 patients
in the RBBB pattern group with normal cardiac
function showed a QRS duration narrower than
160ms, and this data indicated an 85% sensitivity
and 100% speciﬁcity. Receiver operating character-
istic (ROC) curves for this result are shown in
Figure 6A and B.
Discussion
Electrocardiographic pattern of RV endocardial
pacing
Although, LBBB pattern is the expected electro-
cardiographic morphology of RV endocardial pac-
ing, it is not unusual for patients to present a RBBB
pattern. The occurrence rate has been reported to be
about 7.8 to 22.0%.6–8) Our data showed the same
occurrence rate as Klein et al. who reported that it
occurred in 11 out of 50 (22%) patients.8) On the
other hand, RBBB pattern has been reported as a
sign of septal or free wall perforation, or coronary
venous pacing.1–5) However, it has also been re-
vealed that RBBB pattern may occur in RV pacing,
and most of the cases have the lead in the correct
Figure 2 Two-dimensional transthoracic
echocardiography of the same patient as in
Figure 1.
As shown in the four chamber view, the tip of
the pacing lead was in the apical position. Long
arrow indicates the pacing lead and short arrow
indicates the tip of the pacing lead.
Figure 1 Posterior-anterior and lateral
chest X-rays from a 63-year-old woman with
sarcoidosis, low-rate atrial ﬁbrillation and
severe mitral valve regurgitation.
The cardiothoracic ratio was 75% and the left
ventricular ejection fraction was 30%. As shown
in the X-rays, the tip of the catheter was placed
at the apex of the RV. The arrow indicates the
tip of the pacing lead.
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position.6–10) In the case of reported by Okmen et al.
24 out of 25 patients with the RBBB pattern had
their leads in the RV, while the remaining 1 patient
had the lead placed in the left ventricular apex.9)
Coman et al. reported that all 14 patients with the
RBBB pattern had their leads located in the RV.6)
Ohnuki et al. also reported 4 patients with RBBB
pattern and all had their leads placed in the RV.10)
We also did not recognize any patients with leads
placed in the left ventricle or coronary venous
system; all 30 patients were implanted with the leads
positioned in the RV apex. As these cases suggest,
the RBBB pattern may be commonly recognized
during RV pacing, and most of these patients with
the RBBB pattern would have the lead correctly
placed in the RV. However, there were eﬀorts only
towards diﬀerentiating between RV lead from other
malpositions or mechanisms of this phenomenon and
not enough attention has been given to the clinical
characteristics of these patients.5–16)
Clinical characteristics of the patients with RBBB
pattern during RV endocardial pacing
In our study, we compared the underlying heart
disease, electrocardiography, echocardiographic and
radiographic parameters of 30 patients with RBBB
pattern and 111 patients with LBBB pattern during
RV endocardial pacing. In the RBBB group 2
patients with cardiomyopathy died during the fol-
low-up period. However, there were no cardiac-
related deaths in the LBBB group. Although we are
not aware of any reports that study clinical mortality
in the RBBB pattern of RV pacing, we could obtain
considerable information from published reports.
In 10 pacemaker patients who were examined at
autopsy by Fukutani et al., 5 patients with conﬁrmed
RV pacing showed RBBB pattern in precordial
leads.18) Coman et al. reported that in 14 patients
I
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Figure 4A Electrocardiography from an 82-year-old man
with dilated cardiomyopathy and severe tricuspid valve
regurgitation who received a VVI mode pacemaker because
of low-rate atrial ﬁbrillation.
As shown in this electrocardiography, LBBB pattern was observed
and the QRS duration was about 190ms. The cardiothoracic ratio
was 61% and the left ventricular ejection fraction was 40%.
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Figure 3 Electrocardiography of the same patient as in
Figure 1.
As shown in the electrocardiography just after pacemaker
implantation, RBBB pattern was observed in the precordial leads
and the QRS duration was about 190ms.
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Figure 4B After 6 years, this patient’s electrocardiography
showed RBBB pattern.
As shown in this electrocardiography, RBBB pattern was observed
in the precordial leads and the QRS duration was about 200ms.
The cardiothoracic ratio was 72% and the left ventricular ejection
fraction decreased to 20%.
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with RBBB pattern in precordial leads and pacing
leads located in RV, 2 died before their analysis.6)
On the other hand, there were no patient deaths
among 165 patients with LBBB pattern in their
study.6) Our study showed there was a signiﬁcantly
higher percentage of cardiomyopathy patients in the
RBBB group than in the LBBB group. The left
ventricular end-diastolic dimension, left ventricular
end-systolic dimension, and cardiothoracic ratio in
the patients with RBBB pattern were signiﬁcantly
larger and the left ventricular ejection fraction was
signiﬁcantly lower than in the patients with LBBB
pattern. These results may explain why the patients
with RBBB pattern during RV pacing had higher
mortality than the patients with LBBB pattern.
The relationship between paced QRS duration in
patients with RV apex pacing and heart function has
been identiﬁed in previous studies.19,20) Sumiyoshi
et al. reported that a paced QRS duration =180msec
was sensitive and speciﬁc for a left ventricular
ejection fraction <50% and left ventricular diastolic
dimension =60mm.19) Miyoshi et al. pointed out
that the deﬁnition of an abnormal prolonged QRS
duration =190ms should be appropriate.20) How-
ever, there were no any reports evaluated the QRS
duration of patients with RBBB pattern during RV
apex pacing. Therefore, for to clarify the correlation
between paced QRS duration of patients with RBBB
pattern during RV apex pacing and heart function,
we measured the QRS duration in leads II and V1 of
all patients in the RBBB pattern group. Eleven of 13
patients with congestive heart failure showed a QRS
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Figure 6A The ROC curve showed the optimal predictive
cut-oﬀ value on QRS duration in II lead for identifying
congestive heart failure in the RBBB pattern patients during
RV apex pacing.
As shown in this graph, congestive heart failure could be identiﬁed
at QRS duration >155ms with positive and negative predictive
values of 100% and 85%, respectively. The area under the ROC
curve is 0.93.
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Figure 6B The ROC curve shows the optimal predictive
cut-oﬀ value on QRS duration in V1 lead for identifying
congestive heart failure in the RBBB pattern patients during
RV apex pacing.
As shown in this graph, congestive heart failure could be identiﬁed
at QRS duration >155ms with positive and negative predictive
values of 100% and 85%, respectively. The area under the ROC
curve is 0.95.
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Figure 5 QRS duration in leads II and V1 was plotted in all
patients with RBBB pattern. An open circle represents patients
with left ventricular ejection fraction >50% and a closed
circle represents patients with left ventricular ejection fraction
<50%.
As shown in this graph, all but 2 patients with low cardiac function
showed a QRS duration wider than 160ms. All patients with
normal cardiac function showed QRS duration narrower than
160ms.
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duration wider then 160ms and all of them were
patients with cardiomyopathy. The 2 cardiomyop-
athy patients who died during follow-up period also
had a QRS duration wider than 160ms, whereas all
17 patients with normal cardiac function showed a
QRS duration narrower than 160ms. According to
these results we speculate that QRS duration in leads
II and V1 wider than 160ms would indicate left
ventricular dysfunction in the patients with RBBB
pattern during RV apex endocardial pacing.
Mechanism of the RBBB pattern during RV
endocardial pacing
There are various theories as to the mechanism of
the RBBB pattern during RV endocardial pacing.
Lister et al. postulated that the left ventricle was
activated ﬁrst through numerous abnormal pathways
when the RV was paced.11) Mover et al. suggested
that the impulse could travel retrograde up the right
bundle branch and down the left bundle branch, thus
resulting in left myocardial depolarization before
RV.12) This strenuous explanation is unacceptable
because, as alluded to by Castellanos et al., it is
diﬃcult to visualize exclusive activation of right
sided Purkinje system by a bipolar electrode catheter
lying in the right ventricle without simultaneous
activation of underlying ordinary myocardium.13)
Barold suggested that the RBBB pattern during
RV pacing could be the result of a combination of
RV activation delay due to severe disease of the
conduction system and early penetration of the
electrical impulse into the left ventricular conduction
system.14) They also considered pre-existing RBBB
as an indication of some degree of right ventricular
delay.14) Yang et al. supported Barold’s opinion by
oﬀering one case report with a pre-existing RBBB
pattern on the initial electrocardiography.15) How-
ever, in our patients, there were no signiﬁcant
diﬀerences between the RBBB and LBBB pattern
groups on pre-existing RBBB or LBBB on initial
electrocardiography. In the LBBB pattern group, the
patients with pre-existing RBBB on initial electro-
cardiography never showed a RBBB pattern in
precordial leads after pacemaker implantation. Ap-
parently, RV activation delay could be postulated
in patients with cardiomyopathy of RBBB pattern
group as suggested by Barold due to diﬀuse
pathological involvement to the His-Purkinje sys-
tem.14) However, all of these hypotheses that suggest
the left ventricle depolarization before RV could not
satisfactorily explain why the RBBB pattern is
observed in precordial leads only and showed LBBB
pattern in the standard leads in our RBBB pattern
group or in all previous studies.
There is a notable report oﬀered by Fukutani et al.
They analyzed the relationship between maximal
QRS vector orientation and distance from pacing
lead tip to anterior chest in 36 patients. They
suggested that the paced RBBB pattern would occur
when the tip of the pacing lead was located at a
greater depth from the anterior chest, close to the
septum in the RV.16) Gulatta has also proposed that
RBBB pattern in lead V1 showed the posterior
localization of the pacing electrode.5) However, as
reported by Klein et al. all, 9 patients with RBBB
pattern in precordial leads had the leads placed in the
apex.8) In the report presented by Camon et al., 6 out
of 14 patients also had apical leads.6) In our study,
the left ventricular diastolic dimension, left ventric-
ular systolic dimension and cardiothoracic ratio of
the RBBB pattern group were signiﬁcantly larger
than in the LBBB pattern group. Based on these
results, we suggested that the RBBB pattern during
RV endocardial pacing also would occur related with
enlarged left ventricle. It could be postulated that
due to the enlarged left ventricle there may be
some anatomical rotation in which the RV would be
located more distant from the anterior chest than
usual. Thus, the pacing electrode tip would also be
located at a greater depth from the anterior chest in
spite of apical location in the RV, resulting in a
RBBB pattern in precordial leads.
Limitations
We could not perform trans-esophageal or three-
dimensional echocardiography to some of our RBBB
pattern patients for conﬁrming the lead location. On
the limitation of biplane chest radiography and trans-
thoracic echocardiography, we did not study the
precise location of the pacing lead in the RV apex
including distal septum. If we conﬁrmed the precise
location of the pacing lead, it could be more helpful
in elucidating the mechanism of the RBBB pattern.
As this study is a retrospective study, it carries the
usual limitation. First, there was no initial data for
some patients in the 2 groups so the actual number of
patients included in analysis was reduced. Moreover,
because the subjects only included the patients with
pacing electrocardiography out of all 218 patients,
our occurrence rate of the RBBB pattern may not be
reﬂected accurately due to selection bias between the
2 groups.
Because of the limited existence of the patients
with RBBB pattern during RV apex pacing and
limited numbers of patients with congestive heart
failure in our RBBB pattern group, the relationship
between paced QRS duration in patients with RBBB
pattern during RV apex pacing and heart function are
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needed for further evaluation in greater numbers of
patients.
Conclusions
RBBB pattern during RV endocardial pacing may
indicate left ventricular enlargement and dysfunc-
tion. QRS duration wider than 160ms in leads V1
and II may reﬂect decreased left ventricular ejection
fraction in the patients with RBBB pattern during
RV endocardial pacing. These ﬁndings would help
us to assess the cardiac function of patients during
RV endocardial pacing based on surface 12-lead
electrocardiography.
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